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Introduction
A hyperfunctioning parathyroid gland is found in an ectopic location in around 6% to 16% of patients undergoing parathyroid surgery [1] . Approximately 1% to 25% of all ectopic parathyroid glands are present in the mediastinum, and they can be removed through a cervical incision. Two percent of these glands are not accessible through a cervical incision, which requires median sternotomy or thoracotomy for resection [2] . The mediastinoscopic approach has an additional advantage at the upper pole of the thymus as well as the aortopulmonary window, which are the common locations for mediastinal ectopic glands [3] . However, the use of video-assisted thoracic surgery has reduced the need for sternotomy or thoracotomy for lesions occurring in the middle or posterior mediastinal compartment [2, 4] . Robot-assisted dissection for mediastinal ectopic parathyroid glands has also been reported to be feasible as it provides better visibility of the recurrent laryngeal nerve and parathyroid glands [5] . In this study, we report the successful thoracoscopic removal of a mediastinal parathyroid adenoma from a patient with hypercalcemia.
Case report
During her routine follow-up, persistent hypercalcemia was detected in a 58-year-old female patient who had a history of diabetes mellitus and hypertension. The physical examination was normal. Serum calcium and phosphorus levels were 12.61 mg/dl and 2.08 mg/dl respectively. She was referred to our department for further evaluation. Her serum calcium and phosphorus levels were 13.2 mg/dl and 2.5 mg/dl respectively, while the intact parathormone level was 798.9 pg/ml. Cervical ultrasonography and thyroid scintigraphy were normal. Parathyroid computed tomography (CT) revealed a solid and well-defined mass at the anterior mediastinum close to the distal aorta. Once the contrast was enhanced, our pre-diagnosis was ectopic parathyroid adenoma (Photo 1). Fine needle aspiration did not yield tumor cells. Thus, we planned the video-thoracoscopic removal of the mass. The patient was positioned in a 30-degree semi-supine position and a roll was placed under the shoulder, while the ipsilateral arm was held abducted over a padded L-screen. Two 10 mm ports and one 5 mm port were used. Trocars were positioned at the anterior axillary line in the third and fifth intercostal space and also at the mid-axillary line in the fourth intercostal space. A double-lumen intubation was used and the operation was carried out without CO 2 insufflation. The mass was detected at the middle part of the anterior mediastinum (Photo 2 A). Intraoperative radio-guided navigation with a gamma probe can be used in smaller lesions for localization, although we did not need to do that since our lesion's diameter was 3 cm.
The ectopic gland was dissected free from the surrounding tissue and excised (Photos 2 B and 3). The thoracostomy tube was removed, and the patient was discharged on the first post-operative day without any surgical complications. The capsulated mass, which had a diameter of 3 × 1.5 × 0.7 cm, was confirmed as a parathyroid adenoma histopathologically. The postoperative calcium levels decreased dramatically to the level of 7.5 mg/dl, while the parathormone level decreased to 122.6 pg/ml. The parathormone level was 55.09 pg/ml and the serum calcium level was 9.55 mg/dl at the patient's follow-up visit ten months after the surgery.
Discussion
Hyperparathyroidism is mostly caused by parathyroid adenoma or hyperplasia and it is responsiPhoto 1. Parathyroid computed tomography revealed a solid, well-defined mass at the anterior mediastinum, close to the distal aorta. The boundary between the mass and pericardial fatty tissue was clearly visible Photo 2. A -Thoracoscopic view of the adenoma at anterior mediastinum, close to the right internal mammary artery, behind the sternum. B -The dissection was started at the lateral border of the vena cava, then the ectopic gland was retracted upwards and dissected free from the anterior aortic wall. The ectopic gland was dissected free from the surrounding tissue using an energy device and excised
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ble for numerous morbidity, such as calciphylaxis, decreased bone density, and dystrophic tissue calcification. Aggressive medical management is suggested for these cases. On the other hand, subtotal parathyroidectomy and total parathyroidectomy with autotransplantation are the surgical strategies to limit the morbidity in refractory cases, for secondary hyperparathyroidism [6] . Ectopic mediastinal parathyroid glands are an important cause of persistent hyperparathyroidism, which can be found in approximately 25% of patients with primary hyperparathyroidism [7] . Most of the lesions are accessible with a standard cervical approach, although mediastinal exploration is required in around 1% to 2% of the patients with ectopic parathyroid [8, 9] .
It is not routinely recommended to scan the mediastinum for preoperative examination to localize the glands but mediastinal evaluation is always mandatory after a failed cervical exploration, to look for ectopic parathyroid tissue. Mediastinal exploration was performed via a sternotomy for exploring ectopic parathyroids, before the development of modern imaging methods. However, this blind exploration not only had a high failure rate in detecting the ectopic gland but complications associated with sternotomy could be seen in up to 21% of cases as well [10] . This blind approach is no longer in use and preoperative localization is recommended before any mediastinal exploration.
Historically, standard approaches to ectopic mediastinal parathyroids, which are not accessible via cervical incision, have been sternotomy and anterolateral thoracotomy. However, complication rates associated with these approaches have been reported to be up to 29% [8, 11] .
Pleural effusion, pneumothorax, and pneumonitis (in 21% of patients) and wound complications such as hematomas, anterior mediastinitis, and sternal dehiscence (in 8% of patients) were reported by Russell et al. and Conn et al. reported a complication rate of 19% after sternotomy for resection in patients with ectopic parathyroids [8, 11] .
Additionally, these interventions have some disadvantages such as higher morbidity and longer hospital stay. A median hospital stay of 9 days was reported after sternotomy by Doherty et al. [12] .
There are some reports in the literature describing other less invasive approaches in patients with mediastinal parathyroids such as anterior mediastinotomy, mediastinoscopy, subxiphoid laparoscopy, angiographic ablation and transcervical anterior mediastinal exploration.
Anterior mediastinotomy was reported to be feasible in selected patients with ectopic adenomas by Schlinkert et al. [13] , but in this series the ectopic glands located deep in the mediastinum required additional sternotomy. Wells and Cooper [14] used a special sternal retractor for anterior mediastinal exploration via a transcervical approach, which also ensures removal of the parathyroid glands. Unfortunately, parathyroid glands located in the aorto-pulmonary window or posterior mediastinum cannot be safely removed by this method. Angiographic ablation, as a nonsurgical alternative to standard mediastinal exploration, has also been reported by Doherty et al. [12] . They performed 30 angiographic ablations in 27 patients with ectopic glands. Three patients converted into hypoparathyroidism, while 14 became normocalcemic, and 10 required additional treatment after the procedure. Recurrence developed in 3 patients. The disadvantages of this technique were poor gland localization and a high early failure rate [15, 16] . Another disadvantage of angio-ablation is that no tissue was available for histopathological examination and for possible future autotransplantation. None of these approaches have been widely accepted as reliable and safe interventions [17] .
Photo 3. View of mediastinum after excision of the ectopic tissue. The boundary of the dissection is drawn as a white line. An extended resection with secured margins was performed and care was taken not to breach the capsule of the gland Thoracoscopic excision of a mediastinal parathyroid adenoma was first performed by Prinz et al. in 1994 [9] . In their series, cervical thymectomy was performed on all four patients as part of the first neck examination, but this maneuver did not involve the removal of abnormal mediastinal parathyroid glands. Following this report, some case reports recommended video-assisted thoracoscopic surgery (VATS) as a reliable and safe approach for the resection of ectopic mediastinal parathyroid glands [9, 18] . This minimally invasive approach for mediastinal parathyroidectomy has been reported, mainly as case reports or small series because of the rarity of this type of lesion.
Another article reported the successful removal of a parathyroid adenoma in four cases with ectopic mediastinal parathyroid adenoma. In all of the 4 cases, the exploration through the cervical incision was unsuccessful [17] . In the literature, there are only a few individual case reports of the successful resection of ectopic parathyroid adenomas with the VATS approach [19] [20] [21] [22] [23] . Lihara et al. reported 14 patients with hyperparathyroidism, in whom a mediastinal lesion had been localized preoperatively by a sestamibi scan [24] . The thoracoscopic procedure was used successfully in eight patients who were shown preoperatively to have deep-seated (5 anterior, 3 middle) mediastinal lesions. All eight mediastinal lesions localized preoperatively below the level of the aortic arch in the deep mediastinum were successfully removed by thoracoscopy. They also stated that the thoracoscopic approach can be a feasible option for mediastinal re-exploration in patients with recurrence [24] .
Computed tomography, magnetic resonance imaging, and nuclear scanning are the modalities currently available for evaluation of the mediastinum. Parathyroid glands which are larger than 1.5 cm can be detected by CT scan, but it may be difficult to localize smaller parathyroid glands [25] . Magnetic resonance imaging is reported to be more sensitive than CT, but it is not as sensitive as nuclear scanning. The nuclear scan has reported to have a high sensitivity of 86% for glands greater than 1 g and 100% for glands greater than 2 g [25] . Detection of parathyroid glands as small as 500 mg by nuclear scanning was reported by Ipponsugi et al. [26] .
Pre-operative localization is very important for the success of the surgery. A 99mTc sestamibi parathyroid scan and computed tomography of both the neck and the thorax can easily localize the ectopic parathyroid adenoma. Intraoperative radio-guided navigation with a gamma probe can be used for perioperative localization in smaller lesions [27, 28] . Alesina et al. [18] considered that the use of a gamma probe could be helpful for reducing the operation time. We did not need to do it in our case because our lesion's diameter was 3 cm, and it could be identified easily with direct thoracoscopic exploration.
Video-assisted thoracoscopic surgery offers a unique opportunity with the additional benefits of magnified vision of mediastinal structures. Ectopic parathyroids localized in the mediastinum can be approached and removed by thoracoscopy. The procedure is performed with the patient under general anesthesia with double-lumen intubation to achieve single-lung ventilation. The mediastinal parathyroid can be approached from any side depending on the position of the lesion, as seen in the CT scan. Generally, three trocars are used, and the operation is performed using a standard 10-mm rigid telescope with a 0° angle. After exploration, the pleura around the ectopic tissue is incised, and the ectopic adenoma is identified, mobilized, and excised with safe margins. The most important issue is not to breach the capsule of the gland. Also an endoscopic bag should be used for the removal. Follow-up in the intensive care unit is generally not required. The chest tube can be removed on the same day or next day and the patient can be discharged.
Thoracoscopic surgery is a safe and feasible option for resection of deep mediastinal parathyroid lesions, even in patients undergoing repeated operations. Video-assisted thoracoscopic surgery can provide excellent access to all mediastinal locations of parathyroids and it has several advantages over the trans-sternal approach such as less pain, shorter operation time and shorter length of hospital stay. Video-assisted thoracoscopic additionally has a superior cosmetic result with a much smaller incision scar. Our patient was discharged on the first post-operative day without any surgical complications.
Conclusions
The anterior mediastinal localization of an ectopic parathyroid adenoma is a rare entity. Higher levels of parathormone and symptomatic hypercalcemia should urge physicians to search for ectopic locations especially when a suspected parathyroid adenoma cannot be found in the neck. The mediastinum should be cautiously investigated since it is the most common location for an ectopic parathyroid adenoma after the neck. The transsternal approach is the most preferred method, although video-thoracoscopy can be used safely and effectively for the treatment of hyperparathyroidism caused by ectopic mediastinal parathyroid adenomas.
